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QUESTION 1 [20 marks] 


Suggest starting materials including catalysts and possible synthetic schemes for the 
following polymers, giving the names of the specific polymerisation mechanism that would 
be most suitable in each case. 
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QUESTION 2 [20 marks] 


(a) Use the steady-state approximation to derive the expression below for the rate of a free 
radical polymerisation, 


—d[M)]/dt = kp [M](kaf[I/k:)” 


(b) Explain the meaning of each of the terms in the expression above and explain how they 
vary under different conditions. 


(c) Given Q-e values for 2,3-dimethylbutadiene (Q = 1.42, e = —0.43) and acrylonitrile (Q = 
0.48, e = 1.23): 


(1) Calculate the reactivity ratios for the copolymerisation of these two monomers 
using the Q-e scheme. 


(ii) Draw structures of these two monomers and give a qualitative explanation for 
their reactivity. 
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QUESTION 3 [10 marks] 


Discuss the reasons for the differences in glass transition temperature for the following pairs 
of polymers, giving their chemical structures and referring to the physical implications of the 
differences between these structures. 


(a) Polypropylene (—20 °C) and poly(vinyl chloride) (80 °C) 
(b)  Poly(2-ethylhexyl acrylate) (-60 °C) and poly(methyl acrylate) (10 °C) 


(c) | Poly(Gmethyl acrylate) (10 °C) and poly(methyl! methacrylate) (110 °C) 
(d) Give a copolymer composition based on any combination of the polymers above 
suitable for providing a copolymer with a Tg of 37°C. 


QUESTION 4 [10 marks] 


Explain, in terms of chemical reactions and the physical forces between colloidal particles, 
the effect on milk of: 


(a) Addition of Acid 

(b) Application of Heat 

(c) Addition of a Proteolytic Enzyme 
(d) Addition of Salt 

(e) Application of Shear 


QUESTION 5 [10 marks] 
(a) Briefly explain the principles of Ultracentrifugation as a method for determining the size 


of colloids. 


(b) A sample of casein micelles are found to have a diffusion coefficient of 9.1 x 10° m? s” 
and a sedimentation coefficient of 2200 S. If the density of the casein is found to be 1.43 g 


cm” and we can assume they are spherical, what is the diameter of the casein particles? 


QUESTION 6 [10 marks] 


(a) Name three types of nanoparticles and when they are used. 
(b) Explain why TiO2 nanoparticles are used in paints. 
(c) What factors limit the application of gold nanoparticles? 


(d) What are some the main applications of carbon nanotubes? 
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QUESTION 7 [10 marks] 
A company has approached you (armed with a lot of money to pay) to design a nanoparticle 
that will have an end-use in a bone cement. The company is not interested in your knowledge 


in their area, they are only interested in your well-developed materials chemistry skills. 


(a) What properties should this nanoparticle have? 
(b) What type of nanoparticle would you select and why? 


(c) Following on from this, explain why functionalizing nanoparticles is important? 


Give an example. 


QUESTION 8 [10 marks] 
Explain in detail the principles and the major components and operation of the following 
techniques. Images may be used to aid your explanation. Include in your discussion the types 
of samples and properties that can be measured. 


(a) Thermal Gravimetric Analysis 


(b) Differential Scanning Calorimetry 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do 
SO may result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been 
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